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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Cell culture equipment constituted so that a cell culture might be performed in the cell 
culture space which is characterized by providing the following, and which supplies culture 
medium under pressurization in two or more hollow fibers which have permselectivity, is made to 
penetrate the part to the periphery side of this hollow fiber, and is formed in the periphery region 
concerned. The culture medium circulatory system which circulates under pressurization the 
culture medium supplied in the aforementioned hollow fiber. Low-molecular matter and 
macromolecule useful matter which were generated in the aforementioned cell culture space. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

It removes skillfully the undesired substance which carries out a byproduction, attains 
equalization of the environment in a system, this invention condensing the production useful 
matter while giving nutritive substance in detail to a cell efficiently about cell culture equipment, 
and relates to the optimal hollow-fiber type cell culture equipment for performing a continuous 
cell culture with high density. 
[Description of the Prior Art] 

High-density mass cell culture is technology indispensable when realizing production of the 
industrial scale of the useful physiological active substance of a monoclonal antibody, and 
lymphokine and others. 

Various development of the method and equipment for mass cell culture has come [ although the 
classic cell culture has been performed on laboratory level using a cultivation bottle etc. / if a 
cell culture can be carried out with high density and in large quantities, it is industrially 
advantageous, and ] to be carried out from such a viewpoint. 

If the cultivation method in these methods and equipment is divided roughly into a planktonic 
(non-adhesion) cell culture and an adhesive (wall adhesion) cell culture and is equivalent to the 
former planktonic cell culture with the property of the cell cultivated, it serves as the point with 
important on the other hand attaining [ in / an adhesive cell culture / for the matter exchange 
with sufficient maintenance of the suspension state of a cell and sufficient efficiency ] efficiently 
matter exchange of increase and the nutriment of the number of adherent cells per unit 
capacity, wastes, a gas, etc. 

the above — carry out for adopting which cultivation method — from the place whose matter 
exchange is the important point The matter exchange from which the cell culture using the 
hollow fiber and capillary tube which have preferential segregation nature attracts attention for 
example, which is performed using a hollow fiber Various kinds of culture apparatus have come 
[ while a cell obtains nutriment from blood through a blood vessel by in vivo, it is similar to 
discharging a metabolite, and promising ** is extremely carried out as a cell culture method of in 
vitro, and ] to be developed. Various kinds of improvement, such as performing positively the gas 
exchange of the method of passing a liquid medium (culture medium) in a hollow fiber, making a 
cell adhere to a hollow-fiber outside surface, and proliferating especially, and the cell which 
passes the gas containing oxygen in a hollow fiber, and exists in the liquid medium in a hollow- 
fiber outside surface, is advanced, as cell culture technology using such a hollow fiber, 
technology, such as JP,49-41 579,A, 50-36684, 52-125688. 59-175877. 61-25477. the official 
announcement patent No. 500356 [ Showa 62 to ], and 62-500357, is indicated by this 
[Problem(s) to be Solved by the Invention] 

As a limiting factor to the high density cultivation of a cell, accumulation of the growth inhibitor 
(for example, metabolites, such as a lactic acid and an ammonium ion) within a system, an 
exhaustion of indispensable nutrients (for example, a glucose, an essential amino acid, a vitamin, 
etc.), an exhaustion of a dissolved acid quantum, the rapid fall of pH, etc. are mentioned further. 
Although developed for the purpose of eliminating such a limiting factor completely with 
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conventional hollow-fiber type cell culture equipment, it was the situation which is hard to be 
called technology which established the high-density cell culture. The actual condition was a 
perfect uniform state's not becoming, but it becoming inadequate partially growing [ of a cell ] 
the environment especially in a culture apparatus, and not becoming so high that the cell density 
as the whole culture apparatus being expected as a result. 

The place which this invention is made in order to solve such a technical technical problem, and 
is made into the purpose makes environment in cell culture equipment as much as possible 
uniform, and is to offer the hollow-fiber type cell culture equipment which can perform a cell 
culture with high density by this. 
[Means for Solving the Problem] 

With this invention which could attain the above-mentioned purpose, supply culture medium 
under pressurization in two or more hollow fibers which have permselectivity, and the part is 
made to penetrate to the periphery side of this hollow fiber. In the cell culture equipment 
constituted so that a cell culture might be performed in the cell culture space formed in the 
periphery region concerned The culture medium circulatory system which circulates under 
pressurization the culture medium supplied in the aforementioned hollow fiber, The culture 
medium containing the low-molecular matter and macromolecule useful matter which were 
generated in the aforementioned cell culture space It is cell culture equipment which is equipped 
with the generation liquid circulatory system circulated through the membrane-separation 
equipment for separating the aforementioned low-molecular matter, and has a summary further 
at the point of establishing a pressure regulation means to hold the flow rate balance of the 
aforementioned culture medium circulatory system and the generation liquid circulatory system. 
[Function] 

In this invention, it considers preventing an exhaustion of the nutrient in cell culture space, 
dissolved oxygen, etc. as fundamental composition by supplying culture medium under 
pressurization in a hollow fiber. In this case, supply of the culture medium in the optimal culture 
condition is attained by adjusting beforehand composition of a nutrient, a dissolved acid quantum, 
etc. which are supplied in a hollow fiber. 

And by adopting the composition of the culture medium circulatory system which circulates 
under pressurization the culture medium supplied In the hollow fiber, it continues in 
[ aforementioned / whole ] cell culture space, and culture medium can be supplied uniformly, 
moreover — for attaining this purpose more effectively — the aforementioned culture medium 
circulatory system — a gas exchange machine — while preparing a hollow-fiber type artificial 
lung preferably and controlling a dissolved acid quantum or the amount of dissolved carbon 
dioxide gas, compensating the culture medium which prepared the line which supplies fresh 
culture medium and a base, and penetrated the above-mentioned hollow fiber, and adjusting pH 
is recommended 

In addition, it does not limit at all, the method (Japanese Patent Application No. No. 65363 [ 62 
to ]) of shutting up into macromolecule gel matrices, such as the method of making it adhere on 
the outside surface of a hollow fiber in the case of an adhesive cell or a collagen, etc. is 
illustrated, and, on the other hand, the kind of cell in the aforementioned cell culture space can 
mention the method of shutting up into the above-mentioned macromolecule matrix, the method 
of cultivating in the state of suspension among liquid, etc. the twice of a planktonic cell. 
The culture medium in cell culture space is led to membrane-separation equipment, where the 
low-molecular undesired substance and the macromolecule useful matter which were generated 
are included. After the low-molecular undesired substance used as growth inhibitor which is the 
metabolites of a cell, such as a lactic acid and an ammonium ion, is removed, it circulates 
through the culture medium led to membrane-separation equipment in cell culture space again 
(generation liquid circulatory system). In addition, as for this culture medium through which it 
circulates, pH and a dissolved acid quantum are adjusted within the generation liquid circulatory 
system. 

Thus, by circulating the culture medium in cell culture space through membrane-separation 
equipment, a cell metabolite can be promptly removed from near the cell, and environment in cell 
culture space can be made uniform. Moreover, this can protect the rapid fall of partial or overall 
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pH in the cell culture space by accumulation of a metabolite. Furthermore, the macromolecule 
useful matter which the growth inhibitor concentration in culture medium is reduced, and a cell 
produces can be condensed by dissociating alternatively and removing low-molecular undesired 
substance with membrane-separation equipment. And while taking out the culture medium by 
which the macromolecule useful matter was condensed out of a system by constant speed, by 
controlling the culture medium transparency flow rate through the hollow fiber, and stabilizing 
movement of the culture medium in cell culture equipment, the continuous culture in the cell 
culture equipment concerned becomes possible, it continues at a long period of time, is 
stabilized, and high-concentration useful matter can be collected. 
In addition, it is desirable to remove only the low-molecular matter alternatively in the 
aforementioned membrane-separation equipment, and it is appropriate for the cut off molecular 
weight that it must consider as the range which the macromolecule useful matter does not 
penetrate at least, for example, takes preferably about for 3000 to 30000 1000 to about 200000. 
or [ that it is / that what is necessary is just to, set up the cut off molecular weight in a hollow 
fiber within limits which the useful matter does not penetrate on the other hand / larger than the 
cut off molecular weight of membrane-separation equipment ] — or it may be equal 
Although the quality of the material of the hollow fiber in this invention equipment is not limited 
at all, an organic macromolecule, an inorganic porosity object, or a metal porosity object is 
mentioned, for example. Moreover, 10-1000 micrometers and the thickness of the bore are good 
at 2-500 micrometers, and especially a bore has desirable about 50-500 micrometers. As the 
above-mentioned organic polymeric materials, there are a cellulose acetate, a cellulose 
triacetate, a cellulose ester, a polysulfone, a polyolefine, the poly fluorocarbon. a polysiloxane. 
etc., for example. 

It is made linear velocity, and by 1000cm/. it is desirable to consider as the following by 
300cm/especially hereafter, and it is not [ if a part for lOOOcm/is exceeded, the pressure in a 
hollow fiber will become large too much, the amount of transparency of the amount / of 
circulating flows / in the culture medium circulatory system to cell culture space increases, 
and ] desirable. 

On the other hand, the amount of circulating flows in the generation liquid circulatory system is 
made into linear velocity, and its minute is especially desirable in about 1 -300cm /by 0.1- 
1000cm/. A deer is carried out, the substitution of liquid is not attained as it is the following by 
0.1cm/. but metabolite concentration [ near the cell ] becomes high too much, cell growth is 
checked, and if a part for lOOOcm/is exceeded, the phenomenon of destruction and extinction of 
a cell which is not desirable will occur under the influence of shearing force. 

As shown for example, in the 1 st view (example drawing), the movement magnitude of the culture 
medium which penetrates the aforementioned hollow fiber forms a chamber 7 in the culture 
medium circulatory system, applies gas ** to the culture medium 5 in this chamber 7, by 
adjusting this pressure, controls the pressure in a hollow fiber 1, and changes the above- 
mentioned movement magnitude by this. And by controlling to keep constant the oil level of the 
culture medium in the chamber 1 9 prepared in the oil level of the culture medium 5 in the above- 
mentioned chamber 7, and the generation liquid circulatory system (generation liquid), 
respectively, the flow of the culture medium in cell culture equipment is stabilized, and a long- 
term continuous culture becomes possible. 

Although an example explains this invention still in detail below, the following example is not the 
thing of the property which limits this invention, and each thing for which before and the after- 
mentioned meaning are marked and various kinds of design changes are added is included in the 
technical range of this invention. 
[Example] 

A view 1 is outline explanatory drawing showing one example of this invention. 
The cell culture equipment concerning this invention contains the cell culture machine 2 and 
membrane-separation equipment 1 5 fundamentally. And two or more hollow fibers 1 in which the 
aforementioned cell culture machine 2 has permselectivity are contained in a container 3, it 
changes, the cell culture space 4 is formed between the periphery region of a hollow fiber 1 , and 
the aforementioned container 3, and it fills up with the cell which should be cultivated in this 
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space 4. 

In the aforementioned hollow fiber 1. culture medium 5 is supplied with the liquid-sending pump 
6. This culture medium 5 is stored in the chamber 7, by applying a pressure by the pneumatic 
pressure feeder 8, driving force is given and a part of culture medium 5 penetrates it in the cell 
culture space 4. The fresh culture medium 10 and the base 1 1 (for example, 0.5 N-NaOH) for 
optimum-pH adjustment are added, and the culture medium 5 of the remainder which was not 
penetrated in the cell culture space 4 is again returned to a chamber 7, after it is led to the gas 
exchange machine 9 through a line 20 and the concentration of oxygen or carbon dioxide gas is 
adjusted by this gas exchange machine 9 (culture medium circulatory system). Moreover, pH 
sensor 12a and dissolved acid quantum detection sensor 13a are prepared in the line 20, and pH 
and the dissolved acid quantum passing through the inside of a line 20 of culture medium 5 are 
measured. 

On the other hand, the culture medium 5 in the cell culture space 4 is supplied to membrane- 
separation equipment 15 with (it is called generation liquid 5a below) and the post-liquid-sending 
pump 14 once stored by the chamber 19, where the low-molecular matter and macromolecule 
useful matter which were generated are included. And with the membrane-separation equipment 
15 concerned, through the film 16 (this example hollow-fiber film) for separation, low-molecular 
metabolites, such as a lactic acid in generation liquid 5a and an ammonium ion, are separated, 
and it is taken out by the dynamic pressure of the aforementioned liquid-sending pump 14 17 
outside a system. In addition, the composition of the film 16 for separation may be not only the 
illustrated hollow-fiber film but the shape of a flat film usually used and tubular extra 
and a reverse osmosis membrane. 

It is again returned to the cell culture space 4 through a line 21 after that (generation liquid 
circulatory system), the inside of the cell culture space 4 is agitated moderately, and generation 
liquid 5a which did not penetrate the film 16 for separation is useful to distributing uniformly 
culture medium 5 (or generation liquid 5a), a metabolite, etc. near the cell. And since the 
macromolecule useful matter of ** in generation liquid 5a cannot penetrate a demarcation 
membrane 16, it is condensed by passing through the generation liquid circulatory system 
mentioned above. By carrying out constant-flow recovery of the generation liquid 5a with the 
liquid-sending pump 18 formed in the line 21, this macromolecule useful matter can be 
continuously taken out to high concentration, the environment in the cell culture space 4 can be 
conjointly maintained uniformly with the metabolite near the cell being removed suitably, and can 
cover a long time and can cultivate a cell with high density. Moreover, pH sensor 12b and 
dissolved acid quantum detection sensor 13b are prepared in the aforementioned line 21, and pH 
and the dissolved acid quantum of generation liquid which pass through the inside of a line 21 are 
measured. 

The example shown in the **** 1 view may be composition prepared in one of the circulatory 
system although the pH sensors 12a and 12b and the dissolved acid quantum detection sensors 
1 3a and 1 3b are prepared for the both sides of the culture medium circulatory system and the 
generation liquid circulatory system and can be cooked. 

Moreover, in this example, the hollow fiber 1 was a product made from a cellulose acetate, the 
cut off molecular weight used the thing of 22,000, and, as for the film 16 for separation, the cut 
off molecular weight used the thing of 5000 by the product made from a cellulose acetate, 
respectively. 

On the other hand, in order to stabilize the culture medium 5 in cell culture equipment, and the 
flow of generation liquid 5a Level gages 22a and 22b are formed in each of the chamber 7 of the 
culture medium circulatory system, and the chamber 1 9 of the generation liquid circulatory 
system. The balance of the flow rate of the aforementioned culture medium circulatory system 
and the generation liquid circulatory system can be held by adjusting the amount of transparency 
of culture medium in this way, for example that what is necessary is just to control the pressure 
in a chamber 7 by the pneumatic pressure feeder 8 so that the oil level in each chamber 7 and 
19 becomes fixed. In addition, the pneumatic pressure feeder 8 is formed also in a chamber 19. 
and while adjusting the pressure of a chamber 7, the same effect is attained also by adjusting 
the pressure in a chamber 1 9. However, when such, it is necessary to adjust the pressure in a 
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chamber 7 so that it may become higher than the pressure in a chamber 19. Furthermore, in 
order to attain the purpose of this invention, as for the aforementioned liquid-sending pumps 6 
and 1 4, considering as the pulsation which operates in synchronization is desirable, and if the 
need of maintaining a sterile state for a long period of time is also taken into consideration, it is 
optimal to use the bellows pump which was excellent in sealing nature as the aforementioned 
liquid-sending pumps 6 and 14. 

A view 2 is outline explanatory drawing of other examples of this invention, and fundamental 
composition avoids duplication explanation by giving the same reference mark to the portion 
which is similar with the composition shown in the view 1. and corresponds. And this example 
forms the line 23 which returns a part of generation liquid 5a taken out from membrane- 
separation equipment 15 to 17 outside a system to a line 21. That is, in the low-molecular 
matter separated by membrane-separation equipment 15. the useful nutrient is also contained in 
growth of a cell like mineral or amino acid besides growth-inhibition matter, such as a lactic acid 
and an ammonium ion, and in order to make the most of these nutrients, the composition shown 
in the view 2 is adopted. However, it is not that ****** in this case needs to consider as the 
grade from which the above-mentioned growth-inhibition matter contained does not prevent 
growth of a cell, either, until it says. 

From the same viewpoint as the composition shown in the view 2, composition as shown, for 
example in a view 3 is also employable. That is, with the composition shown in the 3rd view . the 
line 24 which returns a part of generation liquid 5a taken out from membrane-separation 
equipment 15 to 17 outside a system to the line 20 of the culture medium circulatory system is 
formed, and the same effect as the composition shown in the view 2 of the above is attained. 
A view 4 is outline explanatory drawing of the example of further others of this invention. In this 
example, in order to compensate nutrients taken out with the growth-inhibition matter by 17 
outside a system, such as mineral and amino acid, the solution 25 containing mineral or amino 
acid is prepared independently, and this solution 25 is supplied to the aforementioned line 21 
through a line 26. 
[Effect of the Invention] 

According to this invention, as stated above, by adopting composition as stated above, the 
environment in cell culture equipment could be maintained as much as possible uniformly, the 
continuous culture with a high-density cell became possible, it continues at a long period of time, 
and the high-concentration useful matter can be obtained now. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

A view 1st-4 is outline explanatory drawing showing various kinds of examples of this invention. 

1 .... A hollow fiber, 2 .. Cell culture machine 

3 .... A container, 4 .. Cell culture space 

5 .... Culture medium, 5a .. Generation liquid 

6, 14, 18 .... Liquid-sending pump 

7.19 .... A chamber. 8 .. Pneumatic pressure feeder 

9 .... A gas exchange machine, 15 .. Membrane-separation equipment 



[Translation done.] 
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